A nterior cervical discectomy and fusion (ACDF) is a common procedure performed for symptomatic cervical radiculopathy and myelopathy with excellent clinical outcomes and low morbidity. Previous studies have demonstrated lower utilizations rates and inferior clinical outcomes in black patients undergoing surgery. 1 In a retrospective study of 78,170 patients undergoing a craniotomy for metastatic brain tumors, Nuno et al 2 demonstrated that black women had significantly higher mortality rates (twice as high) and complication rates than white women. Despite the importance of this issue, there remains a paucity of studies assessing the association between racial differences and health outcomes after ACDF.
MATERIALS AND METHODS

Patient Selection
We queried a prospectively maintained data registry at Duke University Medical Center. Institutional Review Board approval was obtained before study initiation. We included patients aged 18 to 79 years with (1) a history of neck pain, radiculopathy, or myelopathy; (2) who identified their race as black or white; (3) and had available patient-reported outcomes data at baseline and then at 3, 6, and 12 months after surgery. Patients were excluded if they had (1) prior ACDF surgery; (2) severe coexistent pathology that could
Immediate Postoperative Complications
We assessed postoperative complications for each patient included in the study. Complications were divided into those likely or possibly associated with the surgery, including nerve root injury, durotomy, surgical site drainage or infection, and reoperation. Other complications known to be associated with ACDF surgery [e.g., pulmonary embolism (PE)/deep vein thrombosis (DVT), hardware failure] were also assessed.
Patient-reported Outcomes
Neck pain was assessed using the Neck Pain-Visual Analog Scale (NP-VAS). Functional status was assessed using the Neck Disability Index (NDI) questionnaire and SF-12 physical component score (PCS). Mental health status was assessed using the SF-12 mental component scores (MCS). The questionnaires were administered before surgery and then re-administered at 3, 6, and 12 months after surgery.
Statistical Analysis
We compared patient and surgical variables, pain measures, and functional status between patients undergoing an ACDF who were identified as either black (African-American) or white. Demographic variables included patient age, sex, race, and body mass index (BMI). Comorbidity variables included history of hypertension, diabetes, hyperlipidemia, coronary artery disease, or myocardial infarction. Surgical variables included number of levels treated, duration of surgery, and estimated blood loss (EBL).
Parametric data were expressed as means AE standard deviation (SD) and compared via the Student t test. Analysis of variance (ANOVA) provides a statistical test that allows the comparison of multiple groups thereby minimizing the chance of committing a type I error. Nonparametric data were expressed as median [interquartile range] and compared via the Mann-Whitney U test. Nominal data were compared with the Chi-square test. All tests were two-sided and were statistically significant if the P value was less than 0.05.
RESULTS
Sixty patients (black patients: n ¼ 28, white patients: n ¼ 32) were enrolled in this study. There was no significant difference in age between both cohorts (black patients: 53.14 AE 14. 41 
Pre-operative Baseline Patient-reported Outcome Measures
At baseline, there was no significant difference in baseline functional status between both cohorts. At presentation, the mean AE SD NP-VAS score for black and white patients was 4.88 AE 4.01 and 4.87 AE 2.96 (P ¼ 0.99), respectively ( Table  1 ). The pre-operative mean AE SD NDI score for black and white patients was 35.2 AE 23.21 and 38.38 AE 17.69 (P ¼ 0.68), respectively ( Table 2 ). The mean AE SD SF-12 PCS score for the black and white patients was 35.89 AE 13.83 and 31.68 AE 7.89, P ¼ 0.37, respectively ( Table 2 ). The mean AE SD SF-12 MCS score for black and white patients was 42.31 AE 12.64 and 42.81 AE 12.31, P ¼ 0.90, respectively (Table 2) .
Three-month Postoperative Pain, Functional Disability, and Quality of Life in Patients Undergoing ACDF There was no statistically significant difference between both cohorts of patients in all patient-reported outcomes metrics, 3 months after surgery (Table 2) . At 3 months, the mean AE SD NP-VAS for the black and white cohort was 1.75 AE 3.09 and 2.01 AE 2.61, P ¼ 0.75, respectively ( Table 2 ). The mean AE SD Figure 1 ).
Postoperative Complications Profile
Overall, the incidence of postoperative complications and number of levels fused were similar in both groups (Table 3) . There was no incidental durotomy or nerve root injury in either patient cohort. The mean AE SD duration of surgery (minutes) for black and white patients was 110.55 AE 60.68 and 126.10 AE 55.32 minutes, P ¼ 0.23, respectively (Table  3 ). The mean AE SD EBL (mL) for black and white patients was 61.75 AE 87.76 and 114.07 AE 240.41 mL, P ¼ 0.10, respectively (Table 3) . There were no significant differences between the groups in the incidence of incidental durotomy (black patients: 0%
vs. white patients: 1.00% patients, P ¼ 0.31), surgical site infections (black patients: 0% vs. white patients: 2.67%, P ¼ 0.08), and 30-day hospital re-admission rates (black patients: 17.85% vs. white patients: 4.46%, P ¼ 0.09), Table 3 . Furthermore, there were no significant differences between the groups in the incidence of urinary tract infection (UTI, black patients: 3.57% vs. white patients: 1.78%, P ¼ 0.64) or pneumonia (black patients: 0% vs. white patients: 1.78%, P ¼ 0.15), Table 3 . No patients had a PE or DVT (Table 3) .
DISCUSSION
In this prospective longitudinal cohort study assessing outcomes after ACDF, we demonstrated similar improvements from baseline between races in pain and functional disability, 1 year after surgery.
ACDF is a common procedure performed for symptomatic cervical radiculopathy and myelopathy with excellent clinical outcomes and low morbidity. As such, ACDF serves as a great comparator for clinical outcomes based on racial differences. Patil et al 3 in a retrospective study of 26,233 admissions of surgically managed spinal metastasis found that the percentage of black patients with a postsurgical complication was not significantly different (P ¼ 0.12) when compared with white patients. Collins et al 4 in a retrospective study of 13,000 vascular operations demonstrated that the 30-day mortality rate between African-Americans and whites was not significantly different. Furthermore, the authors concluded that race was not to be an independent risk predictor for mortality. 4 Meade et al 5 in a retrospective study of 628 adults with spinal cord injuries undergoing medical intervention, mostly spinal surgery, demonstrated no significant difference between African-Americans and whites in the occurrence of medical complications during acute care or rehabilitation (i.e., pneumonia, PE, DVT, and postsurgical wound infections). Furthermore, the authors found no significant difference in functional status [American Spinal Injury Association (ASIA) motor index and Functional Independent Measure (FIM) motor scores] between African-Americans and whites on admission to acute care and rehabilitation facilities. 5 Analogous to these studies, we demonstrate similar improvement in pain and functional disability between black and white patients, with no observed differences in postoperative complications profiles.
In contrast, few studies have demonstrated inferior health outcomes and increased complication rates in black patients. Alosh et al 6 in a retrospective study of 965,600 anterior cervical spine procedures, from 1992 to 2005, demonstrated that black patients experienced significantly higher odds of in-hospital mortality post-procedure (P < 0.001) than white patients. Deyo et al 7 in a retrospective study of 32,152 patients undergoing surgery for lumbar spinal stenosis demonstrated that white patients had a significantly lower hospital length of stay (P ¼ 0.02) than non-white patients. Sukumar et al 8 in a retrospective study of 3,024,927 patients undergoing major surgical oncological procedures demonstrated that black patients experienced significantly higher postoperative complications (P < 0.001) than white patients. Furthermore, the authors reported longer duration of inhospital stay (P < 0.001) and higher postoperative mortality rates (P < 0.001) in black than in white patients. 8 Lucas et al eight cardiovascular and oncological procedures demonstrated that black patients have a significantly higher operative mortality risk than white patients, with odds ratios of mortality (black vs. white) ranging from 1.23 to as high as 1.61. The authors attributed the higher mortality rates between races to (1) black patients having higher baseline risks than white patients and (2) black patients being more likely to undergo surgery in low-volume hospitals with higher mortality rates. 9 Several hypotheses that have been proposed to explain the outcomes differences between black and white patients range from health disparities to patient preferences. 2, 8, 10 However, there is one hypothesis that disregards race as an independent risk factor, but rather the comorbidities associated with that particular race. 11 Esnaola et al, 11 in a retrospective study of 34,141 patients, concluded that being African-American is not an independent factor for perioperative mortality, but being African-American is associated with higher comorbidity (i.e., hypertension and diabetes), cardiac arrest, and renal failure. Kershaw et al 12 in a retrospective study of 8071 of black and white participants demonstrated that blacks had 2.74 times higher odds of hypertension than whites. Furthermore, the authors suggest that the difference in hypertension between blacks and whites is not uniform, but rather modifiable and stemming from environmental factors such as neighborhood poverty. 12 Ford and Cooper 13 in a review on racial/ethnic differences in health care found that African-Americans are more likely to have significant comorbidities, including diabetes, obesity, and hypertension than whites. Furthermore, the authors suggested that the increase in case fatalities is related to the higher risk profile prevalence in African-American than whites. 13 In our study, compared with white patients, black patients were more likely to present pre-operatively with poorly controlled baseline hypertension (P < 0.01).
This study has limitations, which has implications for its interpretation. First, our sample size is small that limits our ability to make any firm conclusions. Second, although preand perioperative variables were prospectively recorded into the study registry at the time of surgery, these variables were retrospectively analyzed for the purposes of this study and as such are subject to the pitfalls associated with all retrospective reviews. Despite these limitations, this study demonstrates that both black and white patients reported similar improvement from baseline in pain and functional disability after ACDF with similar postoperative complications profiles.
CONCLUSION
Our study suggests that at 1 year, there were no substantial differences in between races in patient-reported outcomes measures after ACDF. Both black and white patients expressed similar improvement from baseline in all outcomes metrics.
